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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/25—SCALE MODEL

OF THE CHANCE VOUGHT F8U-1P AIRPLANE*

TED NO. NASA AD-3137

By James S. Bowman, Jr., and Frederick M. Healy
SUMMARY

An investigation has been made in the Langley 20-foot free-spinning
tunnel on a l/25-scale dynamic model to determine the spin and recovery
characteristics of the Chance Vought F8U-1P airplane. Results indicated
that the F8U-1P airplane would have spin-recovery characteristics similar
to the XF8U-1 design, a model of which was tested and the results of the
tests reported in NACA Research Memorandum SL56L31b. The results indi-
cate that some modification in the design, or some special technique for
recovery, is required in order to insure satisfactory recovery from fully
developed erect spins. The recommended recovery technique for the F8U-1P
will be full rudder reversal and movement of ailerons full with the spin
(stick right in a right spin) with full deflection of the wing leading-
edge flap.

Inverted spins will be difficult to obtain and any inverted spin
obtained should be readily terminated by full rudder reversal to oppose
the yawing rotation and neutralization of the longitudinal and lateral
controls.

In an emergency, the same size parachute reccmmended for the
XF8U-1 airplane will be adequate for termination of the spin: a stable

parachute 17.7 feet in dismeter (projected) with a drag coefficlent of
1.1k (based on projected diameter) and a towline length of 36.5 feet.

Vice oo

*Title, Unclassified.
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INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the Navy,
an investigation has been made in the Langley 20-foot free-spinning
tunnel of the spin and spin-recovery characteristics of a l/25-scale
model of the Chance Vought F8U-1P airplane. Figure 1 is & three-view
drawing of the model as tested. The F8U-1P model is similar to the
XF8U-1 model previously tested in the spin tunnel (ref. 1) except that
the lower fuselage forebody cross section has been modified to accommodate
the camera installation. Figure 2 illustrates the nature of the modifi-
cation. Spin-tunnel tests on & l/25-scale rodel of the XF8U-1 airplane
indicated that both a flat rapidly rotating spin and a steeper slower
oscillatory spin were possible (ref. 1). Subsequently, however, static
force tests at high angles of attack and tests of a l/9-scale dynamic
radio-controlled model (ref. 2) of a similar design indicated that the
flat fast spin was a result of low Reynolds number. The present investi-
gation was undertaken because references 3 snd 4 indicated that the
FBU-1P cross-sectional shape was such that e propelling pro-spin yawing
noment would prevail on the fuselage nose at angles of attack of 70° or
higher for both model and airplane Reynolds numbers and that a flat
rapidly rotating spin as well as a steeper glower spin would likely be
possible on the corresponding airplane.

The erect and inverted spin and recovery characteristics of the
nodel were determined with the model loaded to simulate the basic flight
design gross weight (center of gravity at 22.9 percent T) of the airplane.
Erect-spin tests were also made with the certer of gravity at 31.9 per-
cent T. The influence of the gyroscopic moments of the rotating engine
components on erect spins and recoveries wats investigated. Brief tests
were also made with a spin-recovery parachute housing simulated on the
model. A spin-recovery tall parachute to effect satisfactory spin
recovery in an emergency was also investigated.

SYMBOLS
b wing span, ft
Fy
Cy side-force coefficient, —
1 112
=o(V')"8
2
T rnean aerodynamic chord, ft
F side force, 1b
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Ix, Iy, Iy | moments of inertia about X-, Y-, and Z-body axes,
respectively, slug-ft2

Ix - Iy

inertia yawing-moment parameter
mb2

Iy - Iz

inertia rolling-moment parameter
mb2

Iz - Ix

inertia pitching-moment parameter
mb2

I/ fuselage depth at wing root leading edge, ft

o rass of airplane, slugs

R Reynolds number (based on fuselage depth at wing root

1
leading edge), v
v

S wing area, sq ft

v full-scale true rate of descent, ft/sec

V! absolute velocity, ft/sec

x/? ratio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

z/E ratio of distance between center of gravity and fuselage
reference line to mean aerodynamic chord (positive when
center of gravity is below line)

a angle between fuselage reference line and vertical
(approximately equal to absolute value of angle of attack
at plane of symmetry), deg

a' absolute angle of attack, deg

B sideslip angle, deg

H relative density of airplane, Egg

A
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v kinematic viscosity of air, stendard condition, ftz/sec
p air density, slugs/cu ft

¢ angle between span axis and horizontal, deg

Q full-scale angular velocity about spin axis, rps

MODEL AND TESTING TECHNIQUES

The 1/25-scale model of the Chance Vought F8U-1P airplane was con-
structed at the Langley Research Center of the National Aeronautics and
Space Administration. The dimensional characteristics of the airplane
are presented in table I. The mass characteristics for the loadings of
the airplane and for the loadings tested on the model are presented in
table II. The model was ballasted to obtain dynamic similarity to the
airplane at an altitude of 30,000 feet (p = 0.000889 slug/cu ft).

A remote-control mechanism was instelled in the model to actuate
the controls for the recovery attempts. Suificient torque was applied
to the controls for the recovery attempts tc reverse them fully and
rapidly. Controls were set with an accuracy of #1°.

The angular momentum of the rotating cocmponents of the full-scale
engine was simulated by rotating a flywheel with a small battery-powered
motor. The flywheel was located in the model so that the axis of rota-
tion was parallel to the longitudinal axis c¢f the airplane. Tests were
made with and without the flywheel rotating.

The following normal maximum control deflections (measured perpen-
dicular to the control hinge lines) were used during the test program:

Rudder, deg:

Right ¢« v & v v v i i e i e et e e e e e e e e e e e e e e .. B
7= e <
Horizontal tail (trailing edge), deg:
10T 1o
DOWIL v v 6 i it s e e s e e e e e e s e s s e e e e e e e e . . 10

Allerons, deg:
1« S
DOWNl & ¢ v v e v v e s e e s e s e s s s e s e e e s s e e s e . 15
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General descriptions of model testing techniques, methods of inter-
preting test results, and correlation between model and airplane results
are presented in reference 3.

Model spin-recovery information as presented in chart 1 includes
the following notation: For recovery attempts in which a model strikes
the safety net while it is still in a spin, the recovery is recorded as
greater than the number of turns from the time the controls are moved to
the time the model strikes the net, as >3. When & model recovers with-
out control movement (rudder held with the spin), the results are
recorded as "no spin."

RESULTS AND DISCUSSION

Erect Spins

Basic flight design gross weight.- The results of tests with the
model loaded to simulate the basic flight design gross weight (loading 1
in table II) are presented in chart 1. Inasmuch as the results for spins
to the right and to the left indicated no significant effects of model
asyrmetry, the data are arbitrarily presented in terms of right spins.

Recoveries from erect spins of the model were generally attempted
by simultaneous reversal of the rudder to full against the spin, and
movement of the ailerons to full with the spin (stick to the right in a
right spin). Selection of this procedure as the normal control recovery
technique was based on the results of XF8U-1 model tests reported in ref-
erence 1 and on the effectiveness of control techniques in terminating
spins of airplanes having various conditions of mass distribution as
discussed in detail in reference 3.

The spins in which the ailerons were either neutral or ageinst the
spin during the developed phase of the spin exhibited two spinning
conditions - a flat rapidly rotating spin and a steeper more oscillatory
spin; in some instances, also, an additional condition in which the model
would not remain in a developed spin was also obtainable. When the
ailerons were maintained full with the launching rotation, the model
would not spin. The criterion spin configuration indicated that model
recoveries could range from satisfactory to unsatisfactory. Based on
the model results obtained, it is considered that satisfactory airplane
recoveries may not always be obtained by the normal control recovery
technique (rapid rudder reversal to full against the spin and movement
of the ailerons to full with the spin). During airplane recovery attempts
the stick should be maintained full back, inasmuch as the model results
indicate that faster rates of rotation at forward stick positions make
recovery more difficult. When recovery appears imminent, the stick should
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be moved forward to prevent entry into a secondary spin in the opposite
direction. To insure satisfactory recovery characteristics for the air-
plane, modifications to the design similar to those recommended for the
XF8U-1 in reference 1 are necessary. A specilal control technique (dis-
cussed later) should provide satisfactory recovery from at least the
steep-type spins.

Other conditions.- Erect spin and recovery characteristics of the
model were investigated with the center of gravity moved from 23.9 per-
cent ¢ (loading 1 in table II) to 31.9 percent T (loading 4 in table II).
Tests were made with the angular momentum of the rotating components of
the engine at idle rpm simulated by a flywheel mounted in the model.
Clockwise and counterclockwise rotations of the flywheel were investi-
gated in both right and left erect spins. Brief tests were made with a
spin-recovery parachute housing simulated on the model (fig. 1). No
significant variations in the spin and recovery characteristics of the
model as reported for the basic flight design gross weight were observed
for any of these conditions.

Special recovery technique.- Model spin tests conducted on the XF8U-1
(ref. 1) indicated that the extension of capnard surfaces on the nose of
the airplane would provide satisfactory reccveries from either the flat
or the steeper type of spins when used in ccnjunction with the optimum
control technique. However, during the airrlane spin demonstration
(ref. 5) in which only steep-type spins were obtained, the contractor
elected to utilize full (landing) wing leading-edge-flap deflection in
conjunction with the optimum control manipulation. Satisfactory recovery
characteristics have been indicated from steep-type spins of the XF8U-1
by using this control technique. It should be pointed out, however,
that, based on the data presented in refererce 1, this control technique
would not be sufficient to provide satisfactory recoveries from the flat-
type spin. However, in the sbsence of the recommended canard modification,
full (landing) deflection of the leading-edge flaps (as used on the XF8U-1)
in conjunction with the previously specifiec¢ recovery technique (simul-
taneous rudder reversal to full against the spin and aileron movement to
full with the spin) is recommended in attempting recovery from erect spins
of the airplane.

Inverted Spins

The results of inverted spin tests witl. the model loaded to simulate
the basic flight design gross weight (loedirg 1 in table II) indicated
that the model would not enter a developed inverted spin for any condi-
tion of control-surface settings investigated. Based on the model tests,
it appears that the F8U-1P airplane would be difficult to spin inverted.
In the event that an inverted spin is encourtered with the airplane,
recovery should be satisfactory by the methcd recommended for the XF8U-1
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in reference 1 - that is, full reversal of the rudder to oppose the yawing
rotation and neutralization of the longitudinal and lateral controls.

Spin-Recovery Parachute Tests

Brief tests utilizing the spin-recovery parachute that was found
to be satisfactory for the XF8U-1 of reference 1 were conducted. Results
of these tests indicate that the same parachute would provide satisfac-
tory spin recovery for the F8U-1P airplane during emergencies in spin
demonstrations. These tests were conducted for the basic flight design
gross weight (loading 1 in table II). The towline was attached to the
bottom of the extreme rearward point of the fuselage. The rudder was
maintained full with the spin during the recovery attempts. The para-
chute was a 17.7-foot-diameter (projected) stable parachute with a drag
coefficient of 1.14 (based on projected area). The shroud lines were
37.5 feet long and the towline length was 36.5 feet. Another size stable
tail parachute giving equivalent drag could also be used for satisfactory
recovery.

Effects of Reynolds Number and Tunnel Testing Technique

Reynolds number and tunnel testing technique may have considerable
effect on the spin-recovery results of some contemporary fighter design
models tested in the spin tunnel. Experience has indicated, as pointed
out in references 3 and 4, that the part of the fuselage forward of the
wing (hereinafter referred to as the nose) can introduce autorotative
or antirotative moments, depending on the cross-sectional shape of the
nose and on the Reynclds number.

The technique used in testing the models in the spin tunnel (ref. 3)
involves launching the models in a flat attitude with rotation. This
technique provides favorable conditions for the model to find & possible
flat spin as well as & steeper spin. The corresponding airplane, on the
other hand, may be capable of simulating such an entry only as a result
of a violent maneuver, a pitch-up, or a directional divergence. However,
as a general case, the airplane enters the spin from a low-angle-of-attack,
no-rotation condition from which it is difficult to increase the rotational
rate to the fast flat spinning condition.

In order to evaluate better the current model spin results, static
force tests were made on a 1/9-scale model of the F8U-1P nose (in the
presence of the rest of the fuselage). The force tests were made in the
Langley 300-MPH 7- by 10-foot tunnel for a range of Reynolds numbers to
represent both the model and airplane. The results of these tests for
the spinning angle-of-attack range of the model are presented in figure 3
as the variation of side-force coefficient with sideslip for a range of
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Reynolds numbers. As indicated in figure 3, the FOU-1P nose design is
expected to have little or no Reynolds number effect. The side force

on the nose through the spinning angle-of-attack range indicates that

an antirotative or damping moment is produced on the nose of both the

spin model and the airplane for angles of attack up to 60°. However,

from 70° and up, an autorotative or propelling moment is indicated as

possible on both the spin model and the airyplane.

It appears, therefore, from the foregoing discussion that the two
types of spins obtainable on the model are also possible on the
F8U-1P airplane, but it is expected that the steeper type would be most
likely to be obtained unless some violent maneuver leading to pitch-up
and directional divergence should occur on the F8U-1P configuration.
It is recommended that intentional spins be avoided with the F8U-1P air-
plane inasmuch as there is no assurance that even the special technique
of utilizing full wing leading-edge-flap deflection will be effective
if the spin should develop to the flat phase. In the event of an inad-
vertent spin or a violent maneuver likely to induce a spin, recovery
should be initiated immediately to minimize the possibility cof entering
the flatter type of spin.

SUMMARY OF RESULTS

From a free-spinning tunnel investigat:on of a l/25-scale model of
the Chance Vought F8U-1P airplane, the following results are considered
applicable to the spin and recovery characteristics of the airplane at
30,000 feet:

1. Two types of erect spins are possibl.e with the ailerons neutral
or against the spin: a flat rapidly rotating spin, and a steeper more
oscillatory spin. Satisfactory recovery ma; sometimes not be possible
from either type of spin even by the normal control recovery manipula-
tion (simultaneous rudder reversal to full ugainst the spin and movement
of ailerons to full with the spin) and some airplane modification appears
necessary to insure satisfactory recovery frrom all developed spins that
are obtainable on this design. As an alternative, the special technique
employed for the XF8U-1 airplane (full deflection of wing leading-edge
flap in conjunction with the normal control technique) may be effective
for insuring recovery. It is recommended that the spin not be allowed
to develop fully on this airplane and that :ecovery control technique
be utilized as soon as a spin is indicated.

2. Center-of-gravity movement from 23.9 percent ¢ to 31.9 percent c,

gyroscopic moments of the rotating componen:s of the engine, or installa-
tion of the spin-recovery parachute housing on the lower rear fuselage

—
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had little significant influence on the erect spin and recovery character-
istics of the airplane.

5. Inverted spins are difficult to obtain. The recommended recovery
procedure if an inverted spin 1s encountered is full reversal of the
rudder to oppose the yawing rotation and neutralization of the other
controls.

L. For satisfactory emergency spin recovery during demonstration
flights the 17.7-foot-diameter (projected) stable tall parachute with a
drag coefficient of 1.14 (based on projected area), 37.5-foot shroud
lines, and & 36.5-foot towline previously utilized for the XF8U-1 air-
plane is adequate.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., August 28, 1959.
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TABLE I

DIMENSIONAL CHARACTERISTICS OF THE CHANCE VOUGHT F8U-1P AIRPLANE

Overall length, Tt . . « « o ¢« v « « v o o o v+ ¢« o o o o o o o 54,23
Wing:
Span, ft . . . . N > N -1 {
Area (including chord—extension), sq ft e e e e e e e e . 385.33
Root chord, in. . . e 4 e e s . . . 202.00
Tip chord (not including chord extension), in e e v e e v o . bg.95
Tip chord (including chord- extension), in. . . . . . . . . . 55.93
Mean serodynemic chord, in. . . . . . 1h1.bo0
Distance from leading edge of © rearward of leading edge of
root chord, in. . . . . . .. e 92.20
Aspect ratio (area including chord—extenei)n) e e e e e e 3.30
Taper ratio (not including chord-extension) . . . + « + « o« . 0.25
Taper ratio (including chord-extemsiom) . . + .« « « ¢ « « . © 0.28
Dihedral, AEg « . + « « o o & o & s s s s s e e e x s e x . s -5
Incidence, deg . . . e b e e e e e e e e s -1
Sweepback at quarter- chord, deg e e e e e e e e e e e e s 42
Airfoil section:
ROOL v « = « o o « o & o o o + o« o o & o « o o o« « « » NACA 65A006
TID « o o & + o o o + 4 o e 4 4 s e e . e s+« o« ..« NACA 654005
Allerons:
Total erea (rearward of hinge line), sq ft . . . . . « . . . . 83.12
Span of cne alleron, percent b/2 e e e e e e e e e e e e s e 38.55
Horizontal tail:
Span, £t « v v 4 v v h e e e e e e e e e e e e e e e e e 18.09
Area, sq ft . . O b 1Y 5
Sweepback at quarter chord, deg e e e e e e e e e e e e e 4s
Root chord, in. . . . s e e e e e e e e e e e e e e e e e . 108.05
Tip chord, 1M. « « v ¢« v v v v o o s b e e e e e e e e e 15.96
Aspect ratlo . . . ¢ . . 4 4 et s e e e e e e e e e e e 3.53
Dihedrsl, deg « « « + ¢ + o s o s v s 4w a s e e e s e e e 5.42
Airfoil section:
ROOL + + o v v o e v e e e e e e e v e e ... Modified NACA 65A006
TIP = « o = « ¢ o « s s o s e o s+« s« . . Modified NACA 65A00k

Vertical tall:
Height, ft . . e e e e e e e e e e e . 12,08
Total area (including dorsal), sq ft e e e e e e e e e .. 115.95
Rudder area (rearward of hinge line), sg ft . . . . . . . . . 12.56

Sweepback at quarter-chord, deg . . . v e k5
Root chord (31 in. above fuselage reference line), in .« « » 133.00
Tip chord, 0. « o ¢ o v o o o o o s 4 o o o4 e e e e L1.00
ASpect TAE10 « v v« ¢ o v e h e e e e e e e e e e e e e 1.26

Airfoil section:
Root (65 in. above fuselage
reference 1ine) .+ . « « « « + + « + .« « . Modified NACA 65A005.3
TID o o o o o s o o o o 4 o s e e e e e e Modified NACA 65A004
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GCHART 1,- ERECT SPIF AND RECOVERY CHARACTERISTICS OF THE MODEL

[Rnouury atteapted by simultansous reverasl of rudder to full against the spin and
movemsnt of ailerons to full with the spin unless otherwise indicated
(recovery attexpted from, and developsd spin data presented for, rudder full with -pmﬂ

Alrplens: | attitude: Spung:;“tion Loading {(see table II} 1.
t

PBU-1P Brect Basic flight design gross weight
Altitude: Desired center-of-gravity positien:
30,000 £t 23.9 -
. percent ¢
a 4
' v { v o ! £
8o | 150 50| 140 77| 3v| 50 | o
HEIES fo| % | 3
291 | 0.39 334 | 0.2y § 291 p.30(327 [0.22
[ [ ) §
@, w4 g.s’ 3.%2, 2} 1.1.£ 1 (N0 SPIN X SPIN
[ 2 dle L | b2
<N ]
A
-
78| 70 35U 9
¥ 4] 33__.139_ * =
Borizmtal 291 }0.35 313 |o.2l Em‘é
tail 2/3 up gg &
€38, glene se.sl A&
1.,2}u 1 3 5 |1
’ '3 5 14
a L2 ﬁé N m |-
[ b ! [ b k !
81| 120 52| 26U Fes! v v Allerons
12D) 72| 28D ru;l{m' " Zn EZ l'ltn full
283 jo.Lk | 313)0.27 sgainst o8y o 37| 306{0 24 with
(stl;k) (Stiok )
left r t
5, ‘1& 1 1} | m osem 2, 2l 2. | wosem s ¥O SPIN
5 "2 2’ 2 , i
-
31
4 g'é
il
ER
LA H
[} a -
[ b Kk [ » k | a
83| 6u | 62 | 120 so| 70 | 52 (24w
™ 120 7 | 87 33D
283 [0.45(313 |0.28 291 |o.lLk{313 |¢.25
T 1 1
13,6 °2. ’% ¥o SPIN 2, % |1, 1} | m s ¥ SPIN
2 2 e 3

"h-o conditions posaible. [
Dyery oscillstory spin. (aeg) | (dog)

®sfter recovery, model sutersd a spin in the opposite direction. Model values ocn- | .V
vertsd to corres- | (fPs) | (rps)

:‘l'hroo oonditions possible. ponding full-scal
Model emtered a short dive followed by a spin in the values, Turns for
opposite direction. U 4inner wing ug recovery

D ioner wing

Z)odel entered o glide. Taer

‘Rooonry atteapted by simultanecus reversal of rudder to 2/3 agiinst the
spin and movement of ailerons to 2/3 with the spin.

B, rter recovery, model turned in the opposite directicn.
$)0del rolled inverted and satered a glide.
J1oae1 recovered in an inverted dive.
1 suntersd a dive.
14rm Pecovery, model entersd an ailerco roll.

"uodel entered an inverted dive.
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Figure 1.- Three-view drawing of the l/25-sca.le model of the Chance
Vought F8U-1P airplane. Center-of-gravity position indicated is
for the basic flight design gross weight.
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Figure 2.- Typical cross sections of the F8U-1P and XF8U-1 forward
fuselages.
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Figure 3.- Effect of Reynolds number and angle of attack on the auto-
rotative tendencies of the F8U-1P fuselage (forward of wing-fuselage

intersection).
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TECHNICAL MEMORANDUM SX-196
for the

Bureau of Aeronautics, Department of the Navy

FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/25-SCALE MODEL

OF THE CHANCE VOUGHT F8U-1P AIRPLANE*

TED NO. NASA AD-3137

By James S. Bowman, Jr., and Frederick M. Healy
ABSTRACT

Results of an investigation of a dynamic model in the Langley
20-foot free-spinning tunnel are presented. Erect and inverted devel-
oped spin and recovery characterictics were investigated. The size of
stable tail parachute required for spin recovery in an emergency was
determined.
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